The use of techniques for functional brain imaging is beginning to provide insights into the psychological and neural mechanisms that underlie age-related changes in cognitive performance.
As we age, at least some of our cognitive abilities inevitably and inexorably decline. Determining which abilities decline, and how such changes occur, has been a major area of research for years. Two prominent, though not necessarily mutually exclusive, hypotheses have emerged. One proposes that all cognitive changes in normal older individuals can be explained by a single process, such as a decrease in the speed of information processing [1] . Another possibility is that the changes are more specific, so that some cognitive abilities decline with age, but others do not [2] . Neurophysiological studies of cognitive aging, aimed at evaluating these hypotheses and relating agerelated changes in cognitive performance to physical changes in the brain, have benefited recently from the development of new tools for imaging the human brain while individuals perform cognitive tasks. These tools include positron emission tomography (PET) and functional magnetic resonance imaging (fMRI). As reported recently in Current Biology [3] , the use of the first of these two techniques has provided evidence that, so far as our visual memory goes, as we age and the contributions of some areas of the brain decline, other areas are recruited that can compensate, at least partially, for the loss.
One way that cognitive aging has been investigated has involved comparing brain activation patterns in a group of healthy young individuals -usually 18-25 years oldand a group of healthy older individuals -usually 65-85 years old -as they performed a task that tests a cognitive process or ability known to exhibit age-related decline. Three different types of age-related difference in brain activation patterns can be imagined (see Figure 1) . Firstly, the two groups might exhibit similar patterns of activation, but the levels of activation might be higher in all (or some) of the same brain regions in younger individuals. This may indicate that the poorer cognitive performance of the older individuals is caused by a failure of neural systems necessary for a specific cognitive operation. Secondly, the two groups may exhibit similar patterns of activation, but the activation level may be higher in older individuals in all (or some) of the same brain regions. This may be indicative of a compensatory mechanism in which neural systems supporting certain cognitive abilities 'work harder' as behavioral performance fails. And thirdly, the two groups may exhibit different patterns of brain activation -brain regions may be active in older individuals that are not active in young individuals during performance of the same cognitive task. This pattern may also be indicative of a compensatory mechanism, or some fundamental change in functional brain organization with advanced age. Of course, any combination of these scenarios is also possible.
To date, the first and third of these scenarios have actually been observed in functional neuroimaging studies of cognitive aging (for example [4, 5] ); the second scenario has not been observed. The relationship between the level of neural activation and behavioral performance may be complex, however. For example, age-related changes in this relationship have been found, in which better behavioral performance in young individuals was associated with a lower level of brain activation, whereas in older individuals better performance was associated with a higher level of brain activation [6] . In addition to differences in the pattern of brain activation, there may also be differences in the interactions between neural regions during the performance of a cognitive task by younger and older individuals [7] .
Have the seeming disparate range of findings reported so far taught us anything about the neural basis of cognitive aging? The answer to this question seems to be yes. Although there are still relatively few published functional neuroimaging studies of aging, when one examines the results across these studies some general principles have begun to emerge to account for the findings. One such principle is that of neural reorganization [8] -the idea that functional changes occur within neural systems during normal human aging. Such changes may lead to new systems being recruited when one fails. So far, the findings that support a compensatory mechanism indicate that it is not 'curative', in that performance deficits are still found in elderly individuals that show recruitment of new brain regions.
It may be informative to investigate the neural basis of those cognitive abilities that show age-equivalent performance. For example, it is difficult to determine definitively whether a new neural system is engaged because older individuals use new behavioral strategies to compensate for failing cognitive abilities, or whether the recruitment of new neural systems is just an epiphenomenon. That is, whether the recruitment of new brain regions is not a cause of age-related behavioral changes but a consequence of aging neural tissue. An example of such an approach is the new study by McIntosh et al. [3] . In this study, a visual discrimination task was used in which individuals saw pairs of vertical sinusoidal gratings presented successively in time at 500 milliseconds or 4 seconds apart. After viewing each pair of gratings, individuals had to decide which grating had a higher spatial frequency. The discrimination thresholds did not differ between young and older individuals. Also, both younger and older individuals had a similar decrement in performance when judging stimuli at the longer delay interval. These behavioral data support the notion that the task taps an age-invariant cognitive ability. During performance of the task, a group of healthy young (ages 20-30) and old (ages 60-79) individuals were scanned using PET [3] . Even though both groups performed the task equally well, the functioning of the neural systems supporting performance differed between the two groups. Several of the same brain regions were activated in both young and old individuals but the functional interconnections among these common regions were much weaker in older individuals. This suggests that these brain regions may not have been operating effectively as a network in older individuals. Also, older individuals recruited new brain regions that were not activated in the younger individuals during the task, and the recruitment of these new regions related to performance only in older individuals.
The novel finding of this study [3] was that, during a task in which the behavioral strategy used did not differ between young and old individuals, patterns of brain activation did differ between the two groups. Moreover, the recruitment of new brain regions in the older individuals might have been a consequence of reduced neural interactions, and can be considered compensatory as the recruitment of these regions apparently supports performance. There is some other evidence for age-related neural reorganization in humans. For example, neuronal dendritic growth has been observed throughout life, and may be a consequence of neuron loss with advancing age [9] . These findings suggest that brain reorganization may be an inherent property of normal brain aging and provide a way of compensating for changes that would otherwise cause a decline in cognitive ability.
Despite the excitement that may lie ahead in the use of functional neuroimaging methods to study the mechanisms of cognitive aging, several methodological concerns must be considered. The principal concern is that PET and fMRI are measures of blood flow, which is an indirect correlate of neural activity. If aging also affects regional cerebral blood flow, as well as neural activity, then agerelated differences in patterns of 'brain activation' found in functional neuroimaging measures may be misleading.
My colleagues and I [10] have begun to ask the question whether there are age-related differences in the coupling between neural activity and the imaging signal. We chose to examine this coupling in primary motor cortex during performance of a simple motor task, which presumably taps another age-invariant ability. Importantly, significant neuronal loss in primary motor cortex during aging has not been demonstrated [11] , and similar movement-related electrical potentials have been observed in young and older individuals during simple motor tasks [12] . Thus, we assumed that any changes that we observed in fMRI signal between young and old individuals in the motor cortex would be due to vascular, and not neural, changes in normal aging.
We found a significantly decreased signal-to-noise ratio in the fMRI signal in elderly individuals, as compared to young individuals [10] . This was attributed to a greater level 
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Current Biology of noise in the elderly individuals. These findings suggest that there is some property of the coupling between neural activity and fMRI signal that changes with age. The source of this difference has not yet been determined, but our results suggest that it is due to a vascular change, and not a neural change, in normal aging. This finding cautions against simple interpretations of results of functional neuroimaging studies that compare young and older individuals. Nevertheless, with the advancement of our understanding of such methods, and the development of other methods, new answers to the question of how brain-behavior relationships change with age are likely to emerge.
